Measuring the Return on Investment and Real Option Value of Weather Sensor Bundles for Air Force Unmanned Aerial Vehicles by Housel, Thomas et al.
Calhoun: The NPS Institutional Archive
DSpace Repository
Acquisition Research Program Faculty and Researchers' Publications
2016-05-01
Measuring the Return on Investment and Real
Option Value of Weather Sensor Bundles for
Air Force Unmanned Aerial Vehicles
Housel, Thomas; Mun, Johnathan; Ford, David; Hom,
Sandra; Harris, Dave; Cornachio, Matt
Monterey, California. Naval Postgraduate School
http://hdl.handle.net/10945/53460
This publication is a work of the U.S. Government as defined in Title 17, United
States Code, Section 101. Copyright protection is not available for this work in the
United States.













Measuring the Return on Investment and Real Option 
Value of Weather Sensor Bundles for Air Force 
Unmanned Aerial Vehicles 
Thomas Housel, Professor, NPS 
Johnathan Mun, Research Professor, NPS 
David Ford, Research Associate Professor, NPS 
Sandra Hom, Research Associate, NPS 
Dave Harris, NPS 
Matt Cornachio, NPS 
Published April 30, 2016 
Approved for public release; distribution is unlimited. 





The research presented in this report was supported by the Acquisition Research 
Program of the Graduate School of Business & Public Policy at the Naval 
Postgraduate School. 
To request defense acquisition research, to become a research sponsor, or to print 
additional copies of reports, please contact any of the staff listed on the Acquisition 
Research Program website (www.acquisitionresearch.net).
^Åèìáëáíáçå=oÉëÉ~êÅÜ=mêçÖê~ãW=
`êÉ~íáåÖ=póåÉêÖó=Ñçê=fåÑçêãÉÇ=`Ü~åÖÉ= - 3 - 
Panel 2. Applications of Real Options Analysis in 
Defense Acquisition 
Wednesday, May 4, 2016  
11:15 a.m. – 
12:45 p.m. 
Chair: James E. Thomsen, Former Principal Civilian Deputy, Assistant Secretary 
of the Navy for Research, Development, & Acquisition 
Acquiring Technical Data With Renewable Real Options 
Michael McGrath, ANSER 
Christopher Prather, Senior Associate Analyst, ANSER 
Incorporation of Outcome-Based Contract Requirements in a Real Options 
Approach for Maintenance Planning 
Xin Lei, Research Assistant, University of Maryland 
Navid Goudarzi, Postdoctoral Researcher, University of Maryland 
Amir Reza Kashani Pour, Research Assistant, University of Maryland 
Peter Sandborn, Professor, University of Maryland 
Measuring the Return on Investment and Real Option Value of Weather 
Sensor Bundles for Air Force Unmanned Aerial Vehicles 
Thomas Housel, Professor, NPS 
Johnathan Mun, Research Professor, NPS 
David Ford, Research Associate Professor, NPS 
Sandra Hom, Research Associate, NPS 
Dave Harris, NPS 
Matt Cornachio, NPS 
  
^Åèìáëáíáçå=oÉëÉ~êÅÜ=mêçÖê~ãW=
`êÉ~íáåÖ=póåÉêÖó=Ñçê=fåÑçêãÉÇ=`Ü~åÖÉ= - 35 - 
Measuring the Return on Investment and Real Option 
Value of Weather Sensor Bundles for Air Force Unmanned 
Aerial Vehicles 
Thomas J. Housel—specializes in valuing intellectual capital, knowledge management, 
telecommunications, information technology, value-based business process reengineering, and 
knowledge value measurement in profit and non-profit organizations. He is currently a tenured full 
professor for the Information Sciences (Systems) Department. He has conducted over 80 knowledge 
value added (KVA) projects within the non-profit, Department of Defense (DoD) sector for the Army, 
Navy, and Marines. He also completed over 100 KVA projects in the private sector. The results of 
these projects provided substantial performance improvement strategies and tactics for core 
processes throughout DoD organizations and private sector companies. He has managed a $3 
million+ portfolio of field studies, educational initiatives, and industry relationships. His current 
research focuses on the use of KVA and “real options” models in identifying, valuing, maintaining, and 
exercising options in military decision-making. [tjhousel@nps.edu] 
Johnathan Mun—is a research professor at the U.S. Naval Postgraduate School (Monterey, CA) and 
teaches executive seminars in quantitative risk analysis, decision sciences, real options, simulation, 
portfolio optimization, and other related concepts. He has also researched and consulted on many 
Department of Defense and Department of Navy projects and is considered a leading world expert on 
risk analysis and real options analysis. He has authored 12 books. He is the founder and CEO of 
Real Options Valuation Inc., a consulting, training, and software development firm specializing in 
strategic real options, financial valuation, Monte Carlo simulation, stochastic forecasting, optimization, 
and risk analysis located in northern California. [jcmun@realoptionsvaluation.com] 
David Ford—received his BS and MS degrees from Tulane University and his PhD degree from MIT. 
He is an associate professor in the Construction Engineering and Management Program, Zachry 
Department of Civil Engineering, Texas A&M University, and the Urban/Beavers Development 
Professor. He also serves as a research associate professor of acquisition with the Graduate School 
of Business and Public Policy at the U.S. Naval Postgraduate School in Monterey, CA. Prior to joining 
Texas A&M, he was on the faculty of the Department of Information Science, University of Bergen, 
Norway. For over 14 years, he designed and managed the development of constructed facilities in 
industry and government. His current research investigates the dynamics of development supply 
chains, risk management with real options, and sustainability. [davidford@tamu.edu] 
Sandra Hom—is a Research Associate at the Naval Postgraduate School (Monterey, CA) and 
specializes in market structures, industry benchmarking research, and knowledge value added 
analysis. [schom@nps.edu] 
Dave Harris—Naval Postgraduate School 
Matt Cornachio—Naval Postgraduate School 
Measuring the Return on Investment and Real Options Valuation of a Weather 
Sensor Bundle in Mission Execution Processes 
Weather-related losses of remotely piloted aircraft (RPA) have exceeded $100 
million over the past 20 years (Preisser & Stutzreim, 2015). The growing ubiquity of RPAs in 
routine combat operations is driving fundamental changes to the nature of support for these 
unmanned aircraft. Support requirements such as bandwidth availability, data transmission 
capabilities, digital interoperability, and weather forecasting are being pushed to 
unprecedented limits to ensure they enhance RPA performance without imposing 
superfluous constraints. A persistent trend plaguing RPA operators has been poor 
environmental situational awareness degrading overall operational effectiveness.  
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The impact of suboptimal weather forecasting, especially regarding adverse weather 
conditions, on RPAs is significant, and it is driving an increasing need for fundamental 
changes to a system that has matured over several decades of proven operational success 
with manned aircraft. Without humans in the cockpit, the nature and frequency of weather 
forecasting processes and supporting technologies must evolve to enable optimized RPA 
operational performance by providing weather products that achieve high levels of 
resolution, accuracy, and timeliness. 
This research supports Air Force A2I leadership by providing a comprehensive 
business case analysis that estimates the overall value of investing in, acquiring, and 
implementing WeatherNow technology. It provides a risk-based assessment for technology 
portfolio optimization. The WeatherNow technology in this research refers to an advanced 
weather forecasting software suite and an onboard weather sensor. The software suite 
collects, decodes, and processes space-based, airborne, and surface observations used in 
conjunction with numerical weather prediction models. Using advanced algorithms, data 
fusion techniques, and rapid update capability, it provides comprehensive environmental 
intelligence products, improved asset protection, and decreased operational risk. The 
onboard weather sensor provides real-time weather information about icing, humidity, and 
cloud top heights directly to RPA aircraft operators. The sensor also provides continuous 
weather data in otherwise data-deprived areas. The software suite and sensor were built to 
be integrated to provide timely, relevant, and mission-specific environmental intelligence, 
early threat detection for icing or instrument meteorological conditions (IMC), and overall 
enhanced ISR collection capability.  
The study estimates the value of WeatherNow technology in terms of return on 
investment (ROI) and uses integrated risk management (IRM) to provide a way to value 
implementation options; both are indispensable tools that support informed decision-making 
for technology investment. The analysis and conclusions from this study will support 
development of effective policy and strategic investment decisions in the effort to transform 
the existing weather forecasting processes to meet modern demand for near real-time 
weather information to RPA operators.  
To represent a typical mission execution process, this study focused on an RQ-4B 
Global Hawk squadron based at Beale Air Force Base (AFB). The mission execution 
process model (MEPM) describes how an RQ-4B squadron plans and executes a typical 
intelligence, surveillance, and reconnaissance (ISR) mission. The MEPM consists of five 
subprocesses that are further broken down into tasks. Each subprocess takes an input and 
changes it in some way to produce an output, which becomes the input for the next 
subprocess. This process flow continues until the final output is produced, the RPA mission 
itself. The MEPM in this study was verified by a number of SMEs to be an accurate 
representation while remaining generic enough to be extensible to a wide range of platforms 
and scenarios throughout the Air Force and the DoD at large. To ensure extensibility while 
conserving accuracy in the model, this study is driven by key assumptions that are 
explained in further detail in the study.  
The quantitative framework for this research is known as ROI-IRM (return on 
investment with integrated risk management). This methodology measures the value added 
by the WeatherNow technology and by intangibles such as the people executing the 
process. Since traditional ROI calculation is inadequate for assessing the value of intangible 
assets such as embedded knowledge, this study uses the knowledge value added (KVA) 
methodology to estimate ROI. The benefit of using KVA is that a traditional metric such as 
ROI can be estimated without revenue, by using a surrogate by describing process outputs 
in common units of output (CUO). Another benefit of KVA is its ability to allocate value 
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across the subprocesses and even down to the task level, a much improved granularity 
compared to traditional investment finance ROI estimates. To measure the intangible 
benefits, KVA uses a metric called return on knowledge (ROK). To determine ROI and ROK, 
KVA compares the As-Is MPEM, the current process, to the To-Be MPEM, the process with 
the WeatherNow technology included. ROI and ROK estimates are precisely comparable 
with regard to value for cost return estimates.  
Integrated risk management (IRM) uses the KVA results to further develop the 
business case by forecasting the future value of technology options. IRM uses a 
methodology known as real options valuation (ROV) to provide leaders with a robust 
decision support tool to enable informed technology portfolio investment and implementation 
decisions based on future value estimates. ROI-IRM is an essential tool for supporting 
decisions on high level strategy and policy concerning new technology and its effective 
implementation and integration. KVA and IRM used together form a powerful and defensible 
analytical tool set for decision-making for technology investments. 
KVA Analysis and Results 
KVA produces two key metrics, ROI and ROK, both expressed as ratios. KVA takes 
the traditional ROI calculation used in finance and adapts it to non-revenue generating 
organizations such as the DoD. As in investment finance, a higher ROI indicates a better 
return for the money invested. For DoD applications, a surrogate value for revenue must be 
used to monetize the outputs for purposes of an ROI estimate that typically comes from a 
market comparable analysis. This research used a very conservative, putative value of $1 
per unit of output. ROK is calculated as number of outputs (in common units) divided by the 
cost to produce the outputs. A higher ROK indicates a better use of knowledge assets, and 
therefore a better investment. 
Overall, the results of the KVA analysis show that the use of WeatherNow 
technology in the RPA mission execution process will generate significantly higher returns 
and far better use of the WeatherNow technology over the current As-Is process. By 
comparing the As-Is MPEM to the To-Be MPEM, KVA not only reveals that the WeatherNow 
technology will add value, but exposes which tasks benefit the most and which benefit the 
least. Figure 1 displays the differences in returns between both models. With the 
WeatherNow technology included in the process, ROI increased by 69% and ROK is more 
than 2.8 times larger than the As-Is ROK. These gains are attributable to the large 
improvement within the Flight Brief/Outbrief/Weather Update subprocess, specifically the 
Weather Update task. The WeatherNow technology greatly improves the frequency at which 
RPA operators receive weather updates, from every four hours in the As-Is process, to 
every 15 minutes in the To-Be process. This increase means an ROK almost 300 times 
larger and an ROI over 1000 times larger than the As-Is model. These enormous 
improvements are due to the process recognizing the added value of the new technology 
many more times compared to the As-Is without WeatherNow.  
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 Impacts of WeatherNow Technology Use on Mission Execution 
(Differences in Returns as Ratios) 
IRM Analysis and Results 
The IRM portion of this research incorporates raw data and KVA results from a 
concurrent study concerned specifically with the weather forecasting process. Both studies 
use the ROI-IRM methodologies and serve as complementary works. Three deployment 
options were evaluated using IRM Analysis of Alternatives. The first option, Strategy A, is a 
phased implementation in which the WeatherNow technology is implemented incrementally 
over time. The second option, Strategy B, is a higher risk option in terms of capital 
investment and involves immediate implementation and quick returns. The third option, 
Strategy C, is to proceed with the existing plan of implementing the new technology on 50 
Global Hawk aircraft and no more. Figure 2 displays the results from the ROV analysis. 
Based on IRM economic valuation forecasting, the highest value option is to deploy the 
WeatherNow technology immediately. 
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 ROV Results 
Insights 
Although enormous improvements in ROI and ROK were realized, there are still 
more unrealized benefits of using WeatherNow technology. These benefits include the 
improvement in the richness of information that RPA operators receive and the implications 
of this richness on the level of confidence that operators have in making critical go/no-go 
decisions during mission execution.  
Recommendations 
Based on the results of this analysis, the following recommendations are submitted. 
To reduce uncertainty and mitigate risks, leaders should consider total strategic value 
through sophisticated analytical techniques, such as those used in this study, to inform 
critical decision-making. Once selected, investments should be tracked and monitored over 
time and then adjusted as necessary based on observed performance. This study was 
designed around a mature analytical framework and is extensible to a wide range of 
services, technologies, and platforms. Similar economic valuation analyses should be 
performed on other aviation platforms that may benefit from the WeatherNow technology, 
particularly lower flying RPA platforms that are more limited by adverse weather than the 
high-flying Global Hawk.  
Conclusion 
This quantitative analysis has proven that implementation of WeatherNow 
technology will improve the current mission execution process and has provided risk-based 
decision support tools to assist with critical decisions. This research did not examine the 
socio-technical implications of implementing such sophisticated technology in the mature 
weather forecasting system. Thus, there is opportunity for further research to conduct a 
detailed examination of potential acceptance issues with WeatherNow and how policy 
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should evolve to support the optimal integration and sustained success of WeatherNow 
technology. This is an important area for continued research, investment, and innovation, 
toward modernizing the weather forecasting system to complement the unique needs of 
RPAs, improving their operational effectiveness, and reducing their susceptibility to adverse 
weather conditions.  
Measuring the Return on Investment and Real Options Value of a Weather 
Sensor Bundle in Weather Forecasting Processes 
Remotely Piloted Aircraft (RPA) usage has grown exponentially both in ubiquity and 
utility over the past decade and a half. From their initial use as a purely tactical-level asset in 
providing ground troops with aerial reconnaissance and surveillance, RPAs have become a 
strategic-level asset with the precision strike capability to take out high-level targets 
anywhere in the world. Currently, the greatest threat to RPAs is not surface-to-air missiles, 
but rather their susceptibility to severe weather conditions (Preisser & Stutzreim, 2015). 
When Unmanned Aerial Vehicles (UAVs) conduct missions in austere and remote 
environments where little or no infrastructure exists, timely and accurate weather forecasts 
have become difficult and in some cases almost impossible to produce. Losses in the 
hundreds of millions of dollars can be attributed to UAV crashes caused by high winds, 
icing, lightning, and heavy turbulence (Preisser & Stutzreim, 2015). Unfortunately during the 
development and acquisition of many UAVs in use today, very little testing and analysis of 
environmental situational awareness was conducted in order to prepare for this threat. 
Furthermore, without a human present on the platform itself, it becomes even more difficult 
to determine current weather conditions throughout the mission, exacerbating the threat that 
severe weather creates. It is for these reasons that a need for increased weather situational 
awareness has arisen among the UAV community.  
The current weather forecasting process for UAV missions reflects a high degree of 
uncertainty and is often based on hours-old and sometimes inaccurate information. 
WeatherNow technology will attempt to mitigate the risks presented by the current weather 
forecasting process by providing significantly improved environmental awareness to 
maximize mission effectiveness and platform survivability. The program consists of an on-
board weather sensor referred to as an Atmospheric Sensing and Prediction System 
(ASAPS) as well as a software suite, called Nowcasting, that fuses together data from the 
sensor as well as from existing weather nodes (such as satellite imagery and ground-based 
radar) to create weather updates that are accurate, timely, and relevant to the RPA crew. 
Unique to the WeatherNow technology is the method in which the sensor and 
software suite are able to interoperate and integrate with current RPA tactics, tools, and 
procedures (Preisser & Stutzreim, 2015). The WeatherNow program consists of three 
separate phases that together produce actionable, real time, and much improved 
environmental awareness. Part one, Mission Area Sensor Streaming (MASS) retrieves 
environmental data from several sources, both typical and atypical (such as overhead 
persistent infrared) for the area of interest. Part two, Dynamic Rapid Update Module 
(DRUM), fuses together the data from the MASS phase (as well as data retrieved from the 
ASAPS sensor) to create a 4-D view of the environmental situation in the targeted area. As 
the name suggests, updates are conducted at a high rate, but the system is able to maintain 
a low level of latency while still producing a high-resolution view. The third portion of the 
Nowcasting program is Fused, Integrated Representation of the Environment (FIRE). The 
goal of FIRE is to provide the RPA crew with near-real-time products that give them 
enhanced environmental awareness of the area of interest. The WeatherNow program has 
the potential to significantly enhance the weather intelligence gathered in support of 
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unmanned platform missions, but more broadly, it could radically improve the weather 
forecasting process as it exists in the Air Force today.  
In order to estimate the value added by purchasing and implementing the 
WeatherNow technology, it is necessary to conduct a thorough analysis of the costs and 
benefits of using both the ASAPS sensor and Nowcasting software suite. This research 
uses the Knowledge Value Added (KVA) methodology to quantify the benefits of introducing 
the Nowcasting program into the Air Force weather forecasting process, specifically for the 
RQ-4B Global Hawk UAV community. This study quantifies value in terms of a Return on 
Investment (ROI), as well as provides implementation options through the use of Integrated 
Risk Management (IRM) and Real Options Valuation (ROV) portfolio optimization strategy. 
This research documents a process model of the current “as-is” weather forecasting 
procedures based on input from Subject Matter Experts (SMEs) in the 9th Reconnaissance 
Wing aboard Beale Air Force Base (AFB). The process model describes how a weather 
forecast is created for use by an RQ-4B Global Hawk squadron while remaining generic 
enough to be applied to any Air Force squadron in which weather forecasts are produced. 
The process is broken down into six main subprocesses, which are further disaggregated to 
capture the complex nature of weather forecasting. Each subprocess takes a given input 
and produces an output, which becomes the input to the subsequent subprocess. The final 
output of the process is an actionable weather forecast brief to be used by the Global Hawk 
aircrew.  
KVA methodology estimates the productivity embedded in an organization by 
measuring the value of knowledge contained in its people, technology, and processes 
(Housel & Bell, 2001). In this study, KVA quantifies the value of each subprocess of weather 
forecasting in terms of a common unit of output. In a non-profit organization like the DoD, 
estimating the ROI of a technology investment in dollars is not possible in the traditional 
sense. KVA produces a measure known as Return on Knowledge (ROK) based on the 
knowledge that is embedded within the organization’s people, technology, and processes. 
This study uses KVA to assess the value added to the weather forecasting process by 
implementing WeatherNow technology.  
The IRM and ROV portions of this study determine the different pathways for the 
implementation of WeatherNow into the weather forecasting process. Due to the inherent 
volatility within the DoD acquisition of technology, Air Force leadership needs to have the 
flexibility to make changes to their adoption strategy. IRM and ROV provides those decision-
makers with a tool that helps optimize the value of strategic decisions.  
Knowledge Value Added Results 
As in traditional financial investment return calculations, ROK is determined by 
dividing total output by total input. In this study the same ratio is applied to calculate the 
return on knowledge for each subprocess of weather forecasting and weather forecasting as 
a whole for both the as-is model and the to-be model (process with WeatherNow technology 
included). The numerator is calculated by multiplying the total learning time (time required to 
learn how to do that specific task) by the number of times that task is executed (“fired”) per 
year, and the value of one hour’s worth of learning time. In this case a value of $1.00 was 
used as a very conservative estimate (this is done in both the as-is and to-be models). The 
denominator is calculated by multiplying the labor cost by the number of people performing 
the task, the number of times the task is fired in one year, and the time required to perform 
the task. ROK values allow management to determine which subprocesses within their 
organization add more value to the process as a whole. Ultimately a higher ROK value for 
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the to-be subprocesses (as well as the overall ROK value) would indicate that investing in 
WeatherNow technology adds value.  
The results of the KVA analysis overwhelmingly support the adoption of WeatherNow 
technology into the Air Force weather forecasting process. The mission-watching 
subprocess received the greatest increase in return on knowledge from the as-is to the to-be 
scenario, as seen in Figure 3. The reason for this is because of the increase in the number 
of times the tasks within that sub-process are fired in one year. The Nowcasting software 
suite increases the number of weather updates by almost 20 times per Global Hawk flight 
mission. The knowledge embedded within the WeatherNow technology is another factor that 
contributes to the increase in ROK. The Nowcasting software and ASAPS sensor take 
thousands of hours of learning time and are able to fire at much higher rates than humans 
are capable. It is this central principle that explains the enormous increases in ROK and 
ROI. The return on knowledge in the to-be scenario is over 3,000 times greater than the as-
is return on knowledge.  
 
 Changes in Return on Knowledge and Return on Investment Due to 
WeatherNow Sensor (Differences in Returns as Ratios) 
Integrated Risk Management and Real Options Valuation Analysis and Results 
The IRM and ROV portions of this study evaluated three different strategies for 
adopting the WeatherNow Technology. Strategy A implements both the Nowcasting 
software and the ASAPS sensors over time in a phased approach. This is done with the 
intent to limit potential risks of failure early in adoption, as technology and software 
acquisition programs are prone to do. Phase I will outfit 10 Global Hawks with the ASAPS 
sensor within two years, Phase II will outfit another 20 Global Hawks in the next two years, 
and Phase III will outfit another 20 aircraft within the last two years. Strategy B is an 
approach that incurs very high capital investments early in order to reap the returns as 
quickly as possible. It calls for the implementation of the ASAPS sensor on 100 Global 
Hawks within three years. Strategy C adopts the technology to only 50 Global Hawks to be 
outfitted with the sensors, with no specific time constraint. The strategic option strategies are 
seen in Figure 4. As a result of the ROV calculations, the most optimal solution is Strategy 
B, immediate execution. It produces a total strategic value of just under $4 billion, as 
compared to a negative strategic value of $1.07 million for the as-is strategy. These results 
are seen in Figure 5. 
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 Adoption Strategies for WeatherNow 
 
 Real Options Valuation Results 
Insights, Recommendations, and Conclusions 
The KVA analysis conducted in this research indicates a favorable return should the 
DoD decide to invest in WeatherNow technology. Return on knowledge and cost savings 
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aside, WeatherNow has potential benefits in several other areas as well. This study has only 
looked at implementation on the Global Hawk platform. Today there are over 10 different 
RPA platforms in use by the DoD, all of which are susceptible to adverse weather 
conditions. This study is generic enough to be extensible to not just Air Force weather 
forecasting in support of Air Force only RPA platforms. Army, Navy, and Marine Corps 
forces are potential benefactors of WeatherNow technology as well. Furthermore, the 
accurate weather forecasts produced by the Nowcasting software suite are not necessarily 
for use by RPA aircrews only. Manned aircraft have the potential to benefit from the 
increased environmental awareness afforded by WeatherNow. Additionally, ground units, 
specifically those that fire long-range rockets like the High Mobility Artillery Rocket System 
(HIMARS) and Guided Multiple Launch Rocket System (GMLRS) rely on timely and 
accurate weather forecasts. Improved weather intelligence would help those units improve 
the accuracy and lethality of their strike missions. As with most technological innovations 
that may disrupt current practices, however, appropriate care and time must be taken to 
train personnel in the operations and implications of WeatherNow technology. The relevant 
publications and doctrine would also have to reflect the use of WeatherNow as well. It is the 
recommendation of this study, however, that Air Force leadership adopts this technology 
and implements it rapidly.  
Conclusion 
This quantitative analysis supports the conclusion that implementation of the 
WeatherNow technology that was examined for this study will improve the current mission 
execution process and real time weather forecasting process. The results also have 
provided a risk-based decision support framework and supporting tool set to assist with 
future investment in technology decisions by treating such decisions as a portfolio of options 
with varying future quantitative values and risks.  
The focus of this research precluded examining the socio-technical implications of 
implementing such sophisticated weather forecasting technology in the current weather 
forecasting system. Thus, there is opportunity for further research to conduct a detailed 
examination of potential acceptance issues with WeatherNow and how policy should evolve 
to support the optimal integration and sustained success of WeatherNow technology. This is 
an important area for continued research, investment, and innovation, all in the course of 
modernizing the weather forecasting system to complement the unique needs of RPA pilots. 
By improving their operational effectiveness and reducing their susceptibility to adverse 
weather conditions, the number of successful missions will increase over time.  
Recommendations 
The results clearly indicate that the immediate option to deploy the WeatherNow 
technology RAP fleet-wide are warranted. Delays in acquiring and implementing this 
technology will likely result in reduced value added and lower than possible mission 
success. The effect of this technology on mission success should be tracked over time so 
that options, risks, and ROIs can be adjusted to reflect real usage of the technology. 
The performance analytical framework used in this study is extensible to a wide 
range of services, technologies, and platforms beyond its use in evaluating the potential 
value added of the WeatherNow technology. Similar economic valuation analyses should be 
performed on other aviation platforms that may benefit from the WeatherNow technology, 
particularly lower flying RPA platforms that are more limited by adverse weather than the 
high-flying Global Hawk.  
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Project Purpose 
• The problem: UAV missions are frequently scrapped due to inadequate, 
detailed, micro weather in time sensitive weather voids in mission areas 
• The purpose of this activity is to provide A2I Air Force leaders in their mission 
to:  
a) Measure the return on investment (ROI) and future value (IRM) for 
weather sensors and forecasting algorithms that provide instantaneous 
weather information for pilots and UAV operators in combat zones.  
b) Complement ongoing economic evaluation of field experimentation 
activities for the rapid testing and fielding of new sensor technologies. 
• The NPS team worked with the A2I team to help them structure the business 
case for acquiring the requisite technologies using the ROI-IRM* framework 
and analysis results and utilize the analysis to manage the program trade-offs 
over time. 
* Return on Investment using the Integrated Risk Management process 
2 
Presentation Outline 
• Secondary research conducted to review current 
options for weather sensors and forecasting 
– There are no acceptable market comparable(s) for monetization of the 
value of the sensor bundle 
– Research has established that sensors are valuable but has not monetized 
that value 
• ROI-KVA Analysis: Method and Results 
• Integrated Risk Management: Monte Carlo Risk 






   ROI Methodology:  
Knowledge Value Added (KVA) 
• ROI = [$Revenue – $Cost]/[$Cost] 
– There is no revenue in a non-profit requiring a revenue surrogate for ROI  
– Market comparable(s) is a common approach for estimating revenue surrogate 
– We used a very conservative market comparable = $1 (Mission Execution Process) and 
$.10 (Weather Only Forecasting Process) for per unit of output monetized value 
 
• KVA: Measures all outputs in common units of value – Knowledge 
– Market comps are used to establish a putative revenue per unit of knowledge 
– Knowledge is measured in common units of learning time (with a common reference 
point learner): i.e., 10K hours of actual learning time = Ph.D. in meteorology and 1440 
hours represents actual training of an E5 for 9 months in interpreting weather forecasts 
– We used normalized learning time estimates for the mission execution process (and 
converted them to actual learning time) and actual learning time for the WeatherNow 
forecasting and use of that weather information process. 
• KVA ROI = 10K units of actual knowledge * $.10 * number of uses of the 
knowledge in a given sample period (i.e., 1 year)/cost to use the resources (i.e., 
sensor bundle and human resources—O3, E5) 
9 
ROI on Mission Execution Results: 
As-Is and To-Be Comparison 
10 
Weather-Now Forecasting Results:  
As-Is Scenario 
12 





Integrated Risk Management Process 
ROI on Weather-Now  
Forecasting Sensitivity Analysis 
16 
IRM Monte Carlo Risk Simulations:  
Mission Execution 
17 
IRM Monte Carlo Risk Simulations  
on Weather Forecasting 
19 
Truncating the Downside Risk and  
Taking Advantage of the Upside Opportunity 
 
Real options will reduce risk (chop off the left tail downside, thereby reducing the distributional width and variability) and shift the 
distribution to the right, and increase the expected value (mean returns). 
higher risk 
lower risk 






If we have the ability to reduce the 
downside uncertainties (risk) by walking 
away and abandoning when things look bad, 
and ability to execute and continue with a 
path only when things are looking up (in real 
life, we make midcourse corrections along 
the way when uncertainties become 
resolved over the passage of time, actions, 
and events), we can truncate the downside 






IRM Analysis of Alternatives:  
Deployment Options 
21 
Real Options Valuation:  
Modeling Methodology 
22 




• ROI results clearly indicated that the use of the WeatherNow 
sensor bundle provides very large relative returns to the 
current approach 
 
• Economic valuation forecasting results indicated that, if the 
sensor bundle performs as promised, the option to deploy 
should be immediate to gain the highest option value 
 
• Once an option path is selected, economic results should be 
tracked over time to make adjustments as value analysis 
would suggest 
 
• Do the same economic value analysis for all Air Force, Navy, 
and Army flying platforms with regard possible use of the 
weather sensor bundle 
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Back-up Slides 
     Air Force Memo on New Weather Model 
24 
      Air Force Memo on New Weather Model 
25 
“Own The Weather” 
• U.S. Army is developing technologies to address DVE safety 
issues and operational limitations Aviation and Missile Research, 
Development and Engineering Center at Redstone Arsenal. 
 
• The team’s mantra is “Own the Weather,” and seeks to expand 
commander’s capability of deploying rotorcraft aviation assets 
when weather is below condition minimums.  
 
• The AMRDEC Degraded Visual Environment Mitigation Program, 
an integrated three-pronged approach to a DVE system solution, 
is designed to increase air-crew safety and survivability.  
 
• The DVE-M program fuses images of multiple sensor 
technologies such as radar, infrared, and laser detection and 
ranging, also known as LADAR. Each of these sensor 
technologies provide unique advantages for operating in various 
types of DVE conditions. 
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Mission Execution: Assumptions 
27 
Mission Execution Raw Data (As-Is) 
28 
Mission Execution:  
As-Is Expenses, Revenues, ROI, ROK 
29 
      Mission Execution Raw Data (To-Be) 
30 
Mission Execution:  
To-Be Expenses, Revenues, ROI, ROK 
The average cost for the WeatherNow Sensor Bundle 
= $40K per year and is included in the ROI analysis 
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Weather Forecasting Only:  
As-Is Raw Data and ROI, ROK 
32 
Weather Forecasting Only:  
As-Is Costs, Revenues, ROI, ROK 
33 
Weather Forecasting Only:  
To-Be Raw Data and ROI, ROK 
34 
Weather Forecasting Only:  
To-Be Costs, Revenues, ROI, ROK 
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    Real Option Valuation Example Methods 
• Closed-Form Approximation using the Bjerksund-Stansland Model with 
Partial Differential Equations 
• Monte Carlo Simulation of Closed-Form Models 
• Binomial Lattice Approach  



























































































• Closed-Form Approximation using the Barone-Adesi-Whaley Model with 
Partial Differential Equations 
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Air Force Weather Service Evolution 
• First 60 years of the Air Force Weather Service was period of growth, the 
tools used for weather operations were electromechanical, analog 
sensing and display systems; teletype bulletins and manually plotted 
maps, analyzed with acetates and grease pencils; and commanders 
received weather mission forecasts from staff weather personnel that 
were largely based on the four-times a day synoptic cycle of the 
meteorological community (AFWA, 2012, pg. xvii).  
 
• Air Force Weather Service transformed over the next several decades 
due to technological innovation and organizational change: 
• Third-generation microprocessor based integrated processing, 
analysis, and display capabilities that tie into the Department of 
Defense’s (DoD) Global Communications Grid are now used. 
• Commanders can receive highly tailored weather updates 
relevant to their mission and area of responsibility as soon as 
the data becomes available. 
• Weather personnel now characterize and interpret environment 
to determine the effects weather events will have on unit 
operations; previously time and effort spent on the collection 
and analysis of basic weather data. 
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Value Of Sensors 
• Economic value of sensors has been applied to a number of industries.  
• Agriculture. Economic value of weather sensor data has been measured in 
terms agriculture yields and/or frost damage mitigation efforts. Beckwith, 
Teibel, Bowen (2004) measured the value of a sensor network versus 
individual data logging devices in better capturing local environmental 
variability. Mathews (2013) describes the value of sensor data and related 
GIS tools in optimizing agricultural site selection and precision agriculture 
yields.  
 
• Technology. Use of networked IP addressable sensors has been increasing 
and provides new opportunities to enhance situational awareness and 
augment real-time decision-making across a wide range of environments and 
processes. “Forward looking companies are adopting real-time monitoring 
and management to build smarter supply chains, manage remote resources, 
and in general, improve their return on investment”(O'Reilly and Battelle 
2009). Fleisch (2010) provides a deconstruction of customer and business 
value based on enhanced and/or automated feedback mechanisms that 
better optimize interdependent business processes, such as those found in 
many supply-chains. Krishnamurthy et al. (2005) designed and measured the 
performance of hardware sensor network architectures in a shipboard engine 
room to enhance situational awareness and better enable predictive 
maintenance and related part delivery. 
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• The United States Air Force weather function began on July 1, 1937 when the War 
Department transferred the responsibility for providing Army Air Corps weather 
services from the Signal Corps to a small group known then as the Army Air Corps 
Weather Service (AFWA, 2012).  
 
•  In 1937 the fledging weather service consisted of about 280 enlisted and 22 
officers manning 40 weather stations and has evolved provide forecasting support 
for Air Force and Army operations around the globe with several thousand airmen. 
 
• Air Force weather organizations enable DoD decision-makers to anticipate and 
exploit the weather for air, ground, space, cyberspace, and intelligence operations.  
 
• Air Force weather personnel provide mission-tailored terrestrial and space 
environment observations, forecasts, and services to the U.S. Air Force (USAF), 
U.S. Army (USA), and variety of U.S. Government departments and agencies. 
 
• Air Force weather personnel support Air Force, Army, Joint, and DoD conventional 
and special operations at various garrison and deployed locations worldwide. 
Background 
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Importance of Sensors 
• Sensor technology is playing an increasingly critical role in military 
applications. 
 
• January/February issue of Army Technology Magazine highlighted 
how sensors are being integrated into military gear and vehicles 
which will empower, unburden and protect solders. 
 
• According to Jyuji D. Hewitt, U.S. Army Research, Development and 
Engineering Command (RDECOM)  Executive Deputy to the 
Commanding General, in the future “sensors will be everywhere. 
Army researchers are working on flexible plastic sensors that could 
be attached to individuals, gear or vehicles. With this technology, 
Soldiers will gather information on the chemical-biological 
environment, troop movements and signal intelligence.”   
 
• Army of 2025 and beyond calls for advanced sensors that can locate 
and identify threats, enable protection systems to counter those 
threats and make it less likely an enemy will detect our vehicles. 
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Army Sensors 
• Army researchers are working on a variety of sensor projects, including: 
 
• Flexible plastic sensors that could be attached to individuals, gear or vehicles. 
This technology allows soldiers to gather information on the chemical-biological 
environment, troop movements and signal intelligence. 
 
• Weapon systems in which future sensors pinpoint accuracy and scalable effects 
lethality in GPS-denied environments. 
 
• Army researchers are also developing solutions to help aircraft crews navigate in 
degraded visual environments (DVE) where weather or other obstacles are 
extremely hazardous.  
• DVE are the primary contributing factor to a vast majority of Army aviation 
mishaps over the last decade: 80-percent of rotorcraft losses in 
operations in Iraq and Afghanistan were due to “combat non-hostile or 
non-combat factors” including DVE (Crawford, 2015).  
• DVE includes blowing sand, darkness, snow, rain, dust, fog, smoke, 
clouds; all conditions that hamper aviation operations and produce 
scenarios where aircraft control may be lost.  
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